In vivo bioluminescent monitoring of chemical toxicity using heme oxygenase-luciferase transgenic mice.
Transgenic mice expressing the luciferase (luc) gene under the control of the heme oxygenase-1 promoter (Ho1) were used to measure the induction of heme oxygenase in response to known toxicants. Transgenic Ho1-luc expression was visualized in vivo using a low-light imaging system (IVIS). Ho1-luc activation was compared to Ho1-luc expression, HO1 protein levels, standard markers of toxicity, and histology. Male and female Ho1-luc transgenic mice were exposed to acute doses of cadmium chloride (CdCl2, 3.7 mg/kg), doxorubicin (15 mg/kg), and thioacetamide (300 mg/kg). These agents induced the expression of Ho1-luc in the liver and other tissues to varying degrees. The greatest increase in Ho1-luc activity was observed in the liver in response to CdCl2; intermediate responses were observed for doxorubicin and thioacetamide. Induction of the Ho1-luc transgene by these agents was similar to endogenous protein levels of heme oxygenase as assessed by Western blotting, and generally correlated with plasma levels of circulating enzymes reflecting hepatic or general tissue damage. Histopathology confirmed the toxic effects of CdCl2 on liver and kidney; doxorubicin on kidney, liver, and intestine; and thioacetamide on the liver. Tissue damage was much more pronounced than the luciferase expression following thioacetamide treatment when compared with tissue damage and bioluminescence of the other toxicants. Nevertheless, the induction of Ho1-luc expression following exposure to these agents suggests that the Ho1-luc transgenic mouse may prove useful as a model for in vivo screening of compounds that induce luciferase expression as a marker of toxicity.